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Introduction 


Science fiction writers construct an imaginary future; his- 
torians attempt to reconstruct the past. Ultimately, both 
are seeking to understand the present. In this essay, we 
blend the two genres to imagine a future historian looking 
back on a past that is our present and (possible) future. The 
occasion is the tercentenary of the end of Western culture 
(1540-2093); the dilemma being addressed is how we— 
the children of the Enlightenment— failed to act on robust 
information about climate change and knowledge of the 
damaging events that were about to unfold. Our historian 
concludes that a second Dark Age had fallen on Western 
civilization, in which denial and self-deception, rooted 
in an ideological fixation on “free” markets, disabled the 
world’s powerful nations in the face of tragedy. Moreover, 
the scientists who best understood the problem were ham- 
strung by their own cultural practices, which demanded an 
excessively stringent standard for accepting claims of any 
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kind— even those involving imminent threats. Here, our 
future historian, living in the Second People’s Republic of 
China, recounts the events of the Period of the Penumbra 
(1988-2093) that led to the Great Collapse and Mass Mi- 
gration (2073-2093). 
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The nation formerly known as the Netherlands Once referred to as the “Low Coun- 
tries" of Europe, much of the land area of this nation had been reclaimed from the 
sea by extensive human effort from the sixteenth through the twentieth centuries. The 
unexpectedly rapid rise of the seas of the Great Collapse overwhelmed the Dutch 
citizens. The descendants of their survivors largely reside in the Nordo-Scandinavian 
Union, while the rusting skyscrapers of their drowned cities are a ghostly reminder 
of a glorious past. 
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The Coming of the Penumbral Age 


In the prehistory of “civilization,” many societies rose and 
fell, but few left as clear and extensive an account of what 
happened to them and why as the twenty-first-century 
nation-states that referred to themselves as Western 
civilization. Even today, two millennia after the collapse 
of the Roman and Mayan empires and one millennium 
after the end of the Byzantine and Inca empires, histo- 
rians, archaeologists, and synthetic-failure paleoanalysts 
have been unable to agree on the primary causes of those 
societies’ loss of population, power, stability, and identity. 
The case of Western civilization is different because the 
consequences of its actions were not only predictable, 
but predicted. Moreover, this technologically transitional 
society left extensive records both in twentieth-century- 
style paper and in twenty-first-century electronic formats, 
permitting us to reconstruct what happened in extraordi- 
narily clear detail. While analysts differ on the exact cir- 
cumstances, virtually all agree that the people of Western 
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civilization knew what was happening to them but were 
unable to stop it. Indeed, the most startling aspect of this 
story is just how much these people knew, and how unable 
they were to act upon what they knew. Knowledge did not 
translate into power. 

For more than one hundred years before its fall, the West- 
ern world knew that carbon dioxide (C 0 2 ) and water vapor 
absorbed heat in the planetary atmosphere. A three-phase 
Industrial Revolution led to massive release of additional 
C 0 2 , initially in the United Kingdom (1750-1850); then in 
Germany, the United States, the rest of Europe, and Japan 
(1850-1980); and finally in China, India, and Brazil (1980- 
2050). (Throughout this essay, I will use the nation-state 
terms of the era; for the reader not familiar with the political 
geography of Earth prior to the Great Collapse, the remains of 
the United Kingdom can be found in present-day Cambria; 
Germany in the Nordo-Scandinavian Union; and the United 
States and Canada in the United States of North America.) 
At the start of the final phase, in the mid-twentieth century, 
some physical scientists — named as such due to the archaic 
Western convention of studying the physical world in iso- 
lation from social systems — recognized that the anthropo- 
genic increment of C 0 2 could theoretically warm the planet. 
Few were concerned; total emissions were still quite low, 
and in any case, most scientists viewed the atmosphere 
as an essentially unlimited sink. Through the 1960s, it was 
often said that “the solution to pollution is dilution.” 
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Things began to change as planetary sinks approached 
saturation and “dilution” was shown to be insufficient. 
Some chemical agents had extremely powerful effects 
even at very low concentrations, such as organochlorine 
insecticides (most famously the pesticide dichlorodiphen- 
yltrichloroethane, or DDT) and chlorinated fluorocarbons 
(CFCs). The former were shown in the 1960s to disrupt 
reproductive function in fish, birds, and mammals; scien- 
tists correctly predicted in the 1970s that the latter would 
deplete the stratospheric ozone layer. Other saturation 
effects occurred because of the huge volume of materi- 
als being released into the planetary environment. These 
materials included sulfates from coal combustion, as well 
as CO and methane (CH ) from a host of sources includ- 
ing fossil fuel combustion, concrete manufacture, defor- 
estation, and then- prevalent agricultural techniques, such 
as growing rice in paddy fields and producing cattle as a 
primary protein source. 

In the 1970s, scientists began to recognize that human 
activities were changing the physical and biological func- 
tions of the planet in consequential ways — giving rise to 
the Anthropocene Period of geological history . 1 None 
of the scientists who made these early discoveries was 
particularly visionary: many of the relevant studies were 
by-products of nuclear weapons testing and development . 2 
It was the rare man — in those days, sex discrimination 
was still widespread — who understood that he was in fact 
studying the limits of planetary sinks. A notable exception 
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was the futurist Paul Ehrlich, whose book The Population 
Bomb was widely read in the late 1960s but was consid- 
ered to have been discredited by the 1990s. 3 

Nonetheless, enough research accumulated to provoke 
some response. Major research programs were launched 
and new institutions created to acknowledge and inves- 
tigate the issue. Culturally, celebrating the planet was 
encouraged on an annual Earth Day (as if every day were 
not an Earth day!), and in the United States, the estab- 
lishment of the Environmental Protection Agency formal- 
ized the concept of environmental protection. By the late 

1980s, scientists had recog- 
nized that concentrations of 
C 0 2 and other greenhouse 
gases were having discern- 
ible effects on planetary cli- 
mate, ocean chemistry, and 
biological systems, threat- 
ening grave consequences if 
not rapidly controlled. Vari- 
ous groups and individuals began to argue for the need to 
limit greenhouse gas emissions and begin a transition to a 
non-carbon-based energy system. 

Historians view 1988 as the start of the Penumbral 
Period. In that year, world scientific and political leaders 
created a new, hybrid scientific-governmental organiza- 
tion, the Intergovernmental Panel on Climate Change 
(IPCC), to communicate relevant science and form the 


In the 1970s, scientists began 
to recognize that human activi- 
ties were changing the physical 
and biological functions of the 
planet in consequential ways — 
giving rise to the Anthropocene 
Period of geological history. 
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foundation for international governance to protect the 
planet and its denizens. A year later, the Montreal Proto- 
col to Control Substances that Deplete the Ozone Layer 
became a model for international governance to protect 
the atmosphere, and in 1992, based on that model, world 
nations signed the United Nations Framework Conven- 
tion on Climate Change (UNFCCC) to prevent “danger- 
ous anthropogenic interference” in the climate system. 
The world seemed to recognize the crisis at hand, and was 
taking steps to negotiate and implement a solution. 

But before the movement to change could really take 
hold, there was backlash. Critics claimed that the scien- 
tific uncertainties were too great to justify the expense 
and inconvenience of eliminating greenhouse gas emis- 
sions, and that any attempt to solve the problem would 
cost more than it was worth. At first, just a handful of 
people made this argument, almost all of them from the 
United States. (In hindsight, the self-justificatory aspects 
of the U.S. position are obvious, but they were not appar- 
ent to many at the time.) Some countries tried but failed 
to force the United States into international cooperation. 
Other nations used inertia in the United States to excuse 
their own patterns of destructive development. 

By the end of the millennium, climate change denial had 
spread widely. In the United States, political leaders — includ- 
ing the president, members of Congress, and members of 
state legislatures — took denialist positions. In Europe, 
Australia, and Canada, the message of “uncertainty” was 
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promoted by industrialists, bankers, and some political 
leaders. Meanwhile, a different version of denial emerged 
in non-industrialized nations, which argued that the threat 
of climate change was being used to prevent their devel- 
opment. (These claims had much less environmental 
impact, though, because these countries produced few 
greenhouse gas emissions and generally had little interna- 
tional clout.) 

There were notable exceptions. China, for instance, took 
steps to control its population and convert its economy to 
non-carbon-based energy sources. These efforts were little 
noticed and less emulated in the West, in part because 
Westerners viewed Chinese population control efforts as 
immoral, and in part because the country’s exceptionally 
fast economic expansion led to a dramatic increase in 
greenhouse gas emissions, masking the impact of renew- 
able energy. By 2050, this impact became clear as China’s 
emissions began to fall rapidly. Had other nations followed 
China’s lead, the history recounted here might have been 
very different. 4 

But as it was, by the early 2000s, dangerous anthropo- 
genic interference in the climate system was under way. 
Fires, floods, hurricanes, and heat waves began to inten- 
sify. Still, these effects were discounted. Those in what we 
might call active denial insisted that the extreme weather 
events reflected natural variability, despite a lack of evi- 
dence to support that claim. Those in passive denial con- 
tinued life as they had been living it, unconvinced that a 
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compelling justification existed for broad changes in indus- 
try and infrastructure. The physical scientists studying 
these steadily increasing disasters did not help quell this 
denial, and instead became entangled in arcane arguments 
about the “attribution” of singular events. Of course the 
threat to civilization inhered not in any individual flood, 
heat wave, or hurricane, but in the overall shifting climate 
pattern, its impact on the cryosphere, and the increasing 
acidification of the world ocean. But scientists, trained as 
specialists focused on specific aspects of the atmosphere, 
hydrosphere, cryosphere, or biosphere, found it difficult to 
articulate and convey this broad pattern. 

The year 2009 is viewed as the “last best chance” the 
Western world had to save itself, as leaders met in Copen- 
hagen, Denmark, to try, for the fifteenth time since the 
UNFCCC was written, to agree on a binding, interna- 
tional law to prevent disruptive climate change. Two years 
before, scientists involved 
in the 1PCC had declared 
anthropogenic warming to 
be “unequivocal,” and public 
opinion polls showed that 
a majority of people — even 
in the recalcitrant United 
States — believed that action 
was warranted. But shortly 
before the meeting, a massive campaign was launched to 
discredit the scientists whose research underpinned the 


By the early 2000s, dangerous 
anthropogenic interference in 
the climate system was under 
way. Fires, floods, hurricanes, 
and heat waves began to inten- 
sify. Still, these effects were 
discounted. 
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IPCC’s conclusion. This campaign was funded primarily 
by fossil fuel corporations, whose annual profits at that 
time exceeded the GDPs of most countries . 5 (At the time, 
most countries still used the archaic concept of a gross 
domestic product, a measure of consumption, rather than 
the Bhutanian concept of gross domestic happiness to 
evaluate well-being in a state.) Public support for action 
evaporated; even the president of the United States felt 
unable to move his nation forward. 

Meanwhile, climate change was intensifying. In 2010, 
record-breaking summer heat and fires killed more than 
50,000 people in Russia and resulted in more than $15 billion 
(in 2009 USD) in damages. The following year, massive 
floods in Australia affected more than 250,000 people. 
In 2012, which became known in the United States as 
the “year without a winter,” winter temperature records, 
including for the highest overnight lows, were shattered — 
something that should have been an obvious cause for 
concern. A summer of unprecedented heat waves and loss 
of livestock and agriculture followed. The “year without 
a winter” moniker was misleading, as the warm winter 
was largely restricted to the United States, but in 2023, 
the infamous “year of perpetual summer” lived up to its 
name, taking 500,000 lives worldwide and costing nearly 
$500 billion in losses due to fires, crop failure, and the 
deaths of livestock and companion animals. 

The loss of pet cats and dogs garnered particular atten- 
tion among wealthy Westerners, but what was anomalous 
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in 2023 soon became the new normal. Even then, political, 
business, and religious leaders refused to accept that what 
lay behind the increasing destructiveness of these disasters 
was the burning of fossil fuels. More heat in the atmosphere 
meant more energy had to be dissipated, manifesting as 
more powerful storms, bigger deluges, deeper droughts. 
It was that simple. But a shadow of ignorance and denial 
had fallen over people who 
considered themselves chil- 
dren of the Enlightenment. It 
is for this reason that we now 
know this era as the Period of 
the Penumbra. 

It is clear that in the early 
twenty-first century, imme- 
diate steps should have been 
taken to begin a transition 
to a zero-net-carbon world. 

Staggeringly, the opposite occurred. At the very time that 
the urgent need for an energy transition became palpable, 
world production of greenhouse gases increased. This fact 
is so hard to understand that it calls for a closer look at what 
we know about this crucial juncture. 


The loss of pet cats and dogs 
garnered particular attention 
among wealthy Westerners, 
but what was anomalous in 
2023 soon became the new 
normal. ... A shadow of 
ignorance and denial had fallen 
over people who considered 
themselves children of the 
Enlightenment. 




Bangladesh Among North Americans, Bangladesh — one of the poorest nations of 
the world — served as an ideological battleground. Self-described “Climate Hawks” 
used it to levy moral demands for greenhouse gas reductions so that it would not suf- 
fer inundation, while so-called “Climate Realists” insisted that only economic growth 
powered by cheap fossil fuels would make Bangladeshis wealthy enough to save 
themselves. In reality, “unfettered economic growth” made a handful of Bangladeshis 
wealthy enough to flee. The poor were left to the floods. 


The Frenzy of Fossil Fuels 


In the early Penumbral Period, physical scientists who 
spoke out about the potentially catastrophic effects of 
climate change were accused of being “alarmist” and of 
acting out of self-interest — to increase financial support 
for their enterprise, gain attention, or improve their social 
standing. At first, these accusations took the form of 
public denunciations; later they included threats, thefts, 
and the subpoena of private correspondence . 1 A crucial 
but under-studied incident was the legal seizing of notes 
from scientists who had documented the damage caused 
by a famous oil spill of the period, the 2011 British Petro- 
leum Deepwater Horizon. Though leaders of the scientific 
community protested, scientists yielded to the demands, 
thus helping set the stage for further pressure on scientists 
from both governments and the industrial enterprises that 
governments subsidized and protected . 2 Then legislation 
was passed (particularly in the United States) that placed 
limits on what scientists could study and how they could 
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study it, beginning with the notorious House Bill 819, 
better known as the “Sea Level Rise Denial Bill,” passed in 
2012 by the government of what was then the U.S. state 
of North Carolina (now part of the Atlantic Continental 
Shelf). 3 Meanwhile the Government Spending Account- 
ability Act of 2012 restricted the ability of government 
scientists to attend conferences to share and analyze the 
results of their research. 4 

Though ridiculed when first introduced, the Sea Level 
Rise Denial Bill would become the model for the U.S. 
National Stability Protection Act of 2025, which led to the 
conviction and imprisonment of more than three hundred 
scientists for “endangering the safety and well-being of the 
general public with unduly alarming threats.” By exaggerat- 
ing the threat, it was argued, scientists were preventing the 
economic development essential for coping with climate 
change. When the scientists appealed, their convictions 
were upheld by the U.S. Supreme Court under the Clear and 
Present Danger doctrine, which permitted the government 
to limit speech deemed to represent an imminent threat. 

Had scientists exaggerated the threat, inadvertently 
undermining the evidence that would later vindicate 
them? Certainly, narcissistic fulfillment played a role in the 
public positions that some scientists took, and in the early 
part of the Penumbral Period, funds flowed into climate 
research at the expense of other branches of science, not 
to mention other forms of intellectual and creative activ- 
ity. Indeed, it is remarkable how little these extraordinarily 
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wealthy nations spent to support artistic production; one 
explanation may be that artists were among the first to 
truly grasp the significance of the changes that were occur- 
ring. The most enduring literary work of this time is the 
celebrated science “fiction” trilogy by an American writer 
Kim Stanley Robinson — Forty Signs of Rain, Fifty Degrees 
Below, and Sixty Days and Counting . s Sculptor Dario 
Robleto also “spoke” to the issue, particularly species loss; 
his material productions have been lost, but responses to 
his work are recorded in contemporary accounts . 6 Some 
environmentalists also anticipated what was to come, 
notably the Australians Clive Hamilton and Paul Gilding. 
(Perhaps because Australia’s population was highly edu- 
cated and living on a continent at the edge of habitability, 
it was particularly sensitive to the changes under way .) 7 
These “alarmists” — scientists and artists alike — were cor- 
rect in their forecasts of an imminent shift in climate; in 
fact, by 2010 or so, it was clear that scientists had been 
underestimating the threat, as new developments out- 
paced early predictions of warming, sea level rise, and 
Arctic ice loss, among other parameters . 8 

ft is difficult to understand why humans did not respond 
appropriately in the early Penumbral Period, when pre- 
ventive measures were still possible. Many have sought 
an answer in the general phenomenon of human adaptive 
optimism, which later proved crucial for survivors. Even 
more elusive to scholars is why scientists, whose job it was 
to understand the threat and warn their societies — and 
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who thought that they did understand the threat and that 
they were warning their societies — failed to appreciate the 
full magnitude of climate change. 

To shed light on this question, some scholars have 
pointed to the epistemic structure of Western science, 
particularly in the late nineteenth and twentieth centuries, 
which was organized both intellectually and institution- 
ally around “disciplines” in which specialists developed 
a high level of expertise in a small area of inquiry. This 
“reductionist” approach, sometimes credited to the 
seventeenth-century French philosophe Rene Descartes 
but not fully developed until the late nineteenth century, 
was believed to give intellectual power and vigor to inves- 
tigations by focusing on singular elements of complex 
problems. “Tractability” was a guiding ideal of the time: 
problems that were too large or complex to be solved in 
their totality were divided into smaller, more manage- 
able elements. While reductionism proved powerful in 
many domains, particularly quantum physics and medi- 
cal diagnostics, it impeded investigations of complex sys- 
tems. Reductionism also made it difficult for scientists to 
articulate the threat posed by climatic change, since many 
experts did not actually know very much about aspects 
of the problem beyond their expertise. (Other environ- 
mental problems faced similar challenges. For example, 
for years, scientists did not understand the role of polar 
stratospheric clouds in severe ozone depletion in the still- 
glaciated Antarctic region because “chemists” working 
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on the chemical reactions did not even know that there 
were clouds in the polar stratosphere!) Even scientists who 
had a broad view of climate change often felt it would be 
inappropriate for them to articulate it, because that would 
require them to speak beyond their expertise, and seem to 
be taking credit for other people’s work. 

Responding to this, scientists and political leaders 
created the IPCC to bring together the diverse special- 
ists needed to speak to the 
whole problem. Yet, perhaps 
because of the diversity of 
specialist views represented, 
perhaps because of pressures 
from governmental spon- 
sors, or perhaps because of 
the constraints of scientific 
culture already mentioned, 
the IPCC had trouble speaking in a clear voice. Other sci- 
entists promoted the ideas of systems science, complexity 
science, and, most pertinent to our purposes here, earth 
systems science, but these so-called holistic approaches 
still focused almost entirely on natural systems, omitting 
from consideration the social components. Yet in many 
cases, the social components were the dominant system 
drivers. It was often said, for example, that climate change 
was caused by increased atmospheric concentrations of 
greenhouse gases. Scientists understood that those green- 
house gases were accumulating because of the activities of 


Reductionism also made it dif- 
ficult for scientists to articulate 
the threat posed by climatic 
change, since many experts did 
not actually know very much 
about aspects of the problem 
beyond their expertise. 
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human beings — deforestation and fossil fuel combustion — 
yet they rarely said that the cause was people, and their 
patterns of conspicuous consumption. 

Other scholars have looked to the roots of Western 
natural science in religious institutions. Just as religious 
orders of prior centuries had demonstrated moral rigor 
through extreme practices of asceticism in dress, lodg- 
ing, behavior, and food — in 
essence, practices of physi- 
cal self-denial — so, too, did 
physical scientists of the 
twentieth and twenty-first 
centuries attempt to demon- 
strate their intellectual rigor 
through practices of intel- 
lectual self-denial . 9 These 
practices led scientists to 
demand an excessively stringent standard for accepting 
claims of any kind, even those involving imminent threats. 
In an almost childlike attempt to demarcate their prac- 
tices from those of older explanatory traditions, scientists 
felt it necessary to prove to themselves and the world how 
strict they were in their intellectual standards. Thus, they 
placed the burden of proof on novel claims — even empiri- 
cal claims about phenomena that their theories predicted. 
This included claims about changes in the climate. 

Some scientists in the early twenty-first century, for 
example, had recognized that hurricanes were intensifying. 


In an almost childlike attempt 
to demarcate their practices 
from those of older explana- 
tory traditions, scientists felt 
it necessary to prove to them- 
selves and the world how strict 
they were in their intellectual 
standards. 
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This was consistent with the expectation — based on 
physical theory — that warmer sea surface temperatures 
in regions of cyclogenesis could, and likely would, drive 
either more hurricanes or more intense ones. However, 
they backed away from this conclusion under pressure 
from their scientific colleagues. Much of the argument 
surrounded the concept of statistical significance. Given 
what we now know about the dominance of nonlinear 
systems and the distribution of stochastic processes, the 
then-dominant notion of a 95 percent confidence limit is 
hard to fathom. Yet overwhelming evidence suggests that 
twentieth- century scientists believed that a claim could be 
accepted only if, by the standards of Fisherian statistics, 
the possibility that an observed event could have hap- 
pened by chance was less than 1 in 20. Many phenomena 
whose causal mechanisms were physically, chemically, 
or biologically linked to warmer temperatures were dis- 
missed as “unproven” because they did not adhere to this 
standard of demonstration. Historians have long argued 
about why this standard was accepted, given that it had 
neither epistemological nor substantive mathematical 
basis. We have come to understand the 95 percent con- 
fidence limit as a social convention rooted in scientists’ 
desire to demonstrate their disciplinary severity. 

Western scientists built an intellectual culture based 
on the premise that it was worse to fool oneself into 
believing in something that did not exist than not to 
believe in something that did. Scientists referred to these 
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positions, respectively, as “tyP e I” ar >d “type H” errors, 
and established protocols designed to avoid type I errors 
at almost all costs. One scientist wrote, “A type I error is 
often considered to be more serious, and therefore more 

important to avoid, than 
a type II error.” Another 
claimed that type II errors 
were not errors at all, just 
“missed opportunities .” 10 So 
while the pattern of weather 
events was clearly changing, 
many scientists insisted that 
these events could not yet 
be attributed with certainty to anthropogenic climate 
change. Even as lay citizens began to accept this link, 
the scientists who studied it did not . 11 More important, 
political leaders came to believe that they had more time 
to act than they really did. The irony of these beliefs need 
not be dwelt on; scientists missed the most important 
opportunity in human history, and the costs that ensued 
were indeed nearly “all costs.” 

By 2012, more than 365 billion tons of carbon had been 
emitted to the atmosphere from fossil fuel combustion and 
cement production. Another 180 were added from defores- 
tation and other land use changes. Remarkably, more than 
half of these emissions occurred after the mid-1970s — that 
is, after scientists had built computer models demonstrating 


Western scientists built an 
intellectual culture based on 
the premise that it was worse 
to fool oneself into believing 
in something that did not exist 
than not to believe in some- 
thing that did. 
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that greenhouse gases would cause warming. Emissions con- 
tinued to accelerate even after the UNFCCC was established: 
between 1992 and 2012, total C 0 2 emissions increased by 
38 percent. 12 Some of this increase was understandable, as 
energy use grew in poor nations seeking to raise their stan- 
dard of living. Less explicable is why, at the very moment 
when disruptive climate change was becoming apparent, 
wealthy nations dramatically increased their production of 
fossil fuels. The countries most involved in this enigma were 
two of the world’s richest: the United States and Canada. 

A turning point was 2005, when the U.S. Energy Policy Act 
exempted shale gas drilling from regulatory oversight under 
the Safe Drinking Water Act. This statute opened the flood- 
gates (or, more precisely, the wellheads) to massive increases 
in shale gas production. 13 U.S. shale gas production at that 
time was less than 5 trillion cubic feet (Tcf, with “feet” an 
archaic imperial unit roughly equal to a third of a meter) per 
annum. By 2035, it had increased to 13.6 Tcf. As the United 
States expanded shale gas production and exported the rel- 
evant technology, other nations followed. By 2035, total gas 
production had exceeded 250 Tcf per annum. 14 

This bullish approach to shale gas production pene- 
trated Canada as well, as investor-owned companies raced 
to develop additional fossil fuel resources; “frenzy” is not 
too strong a word to describe the surge of activity that 
occurred. In the late twentieth century, Canada was con- 
sidered an advanced nation with a high level of environ- 
mental sensitivity, but this changed around the year 2000 
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when Canada’s government began to push for develop- 
ment of huge tar sand deposits in the province of Alberta, 

as well as shale gas in vari- 
ous parts of the country. The 
tar sand deposits (which the 
government preferred to call 
oil sands, because liquid oil 
had a better popular image 
than sticky tar) had been 
mined intermittently since 
the 1960s, but the rising 
cost of conventional oil now 
made sustained exploitation 
economically feasible. The 
fact that 70 percent of the world’s known reserves were 
in Canada explains the government’s reversed position 
on climate change: in 2011, Canada withdrew from the 
Kyoto Protocol to the UNFCCC. 15 Under the protocol, 
Canada had committed to cut its emissions by 6 percent, 
but its actual emissions instead increased more than 30 
percent. 16 

Meanwhile, following the lead of the United States, the 
government began aggressively to promote the extraction 
of shale gas, deposits of which occurred throughout Can- 
ada. Besides driving up direct emissions of both C 0 2 and 
CH 4 to the atmosphere (since many shale gas fields also 
contained CO , and virtually all wells leaked), the resulting 
massive increase in supply of natural gas led to a collapse 


Canada was considered an 
advanced nation with a high 
level of environmental sensitiv- 
ity, but this changed around 
the year 2000 when Canada’s 
government began to push for 
development of huge tar sand 
deposits in the province of 
Alberta, as well as shale gas in 
various parts of the country. 
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in the market price, driving out nascent renewable energy 
industries everywhere except China, where government 
subsidies and protection for fledgling industries enabled 
the renewable sector to flourish. 

Cheap natural gas also further undermined the already 
ailing nuclear power industry, particularly in the United 
States. To make matters worse, the United States imple- 
mented laws forbidding the use of biodiesel fuels — 
first by the military, and then by the general public — 
undercutting that emerging market as well . 17 Bills were 
passed on both the state and federal level to restrict 
the development and use of other forms of renewable 
energy — particularly in the highly regulated electricity 
generation industry — and to inhibit the sale of electric 
cars, maintaining the lock that fossil fuel companies had 
on energy production and use . 18 

Meanwhile, Arctic sea ice melted, and seaways opened 
that permitted further exploitation of oil and gas reserves 
in the north polar region. Again, scientists noted what 
was happening. By the mid-20ios, the Arctic summer sea 
had lost about 30 percent of its areal extent compared to 
1979, when high-precision satellite measurements were 
first made; the average loss was rather precisely measured 
at 13.7 percent per decade from 1979 to 2013. 19 When 
the areal extent of summer sea ice was compared to ear- 
lier periods using additional data from ships, buoys, and 
airplanes, the total summer loss was nearly 50 percent. 
The year 2007 was particularly worrisome, as the famous 
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Northwest Passage — long sought by Arctic explorers — 
opened, and the polar seas became fully navigable for the 
first time in recorded history. Scientists understood that it 
was only a matter of time before the Arctic summer would 
be ice-free, and that this was a matter of grave concern. 
But in business and economic circles it was viewed as cre- 
ating opportunities for further oil and gas exploitation . 20 
One might have thought that governments would have 
stepped in to prevent this ominous development — which 
could only exacerbate climate change — but governments 
proved complicit. One example: in 2012 the Russian gov- 
ernment signed an agreement with American oil giant 
ExxonMobil, allowing the latter to explore for oil in the 
Russian Arctic in exchange for Russian access to Ameri- 
can shale oil drilling technology . 21 

How did these wealthy nations — rich in the resources 
that would have enabled an orderly transition to a zero- 
net-carbon infrastructure — justify the deadly expansion 
of fossil fuel production? Certainly, they fostered the 
growing denial that obscured the link between climate 
change and fossil fuel production and consumption. 
They also entertained a second delusion: that natural gas 
from shale could offer a “bridge to renewables.” Believ- 
ing that conventional oil and gas resources were running 
out (which they were, but at a rate insufficient to avoid 
disruptive climate change), and stressing that natural gas 
produced only half as much C 0 2 as coal, political and 
economic leaders — and even many climate scientists and 
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“environmentalists” — persuaded themselves and their 
constituents that promoting shale gas was an environ- 
mentally and ethically sound approach. 

This line of reasoning, however, neglected several fac- 
tors. First, fugitive emissions — C0 2 and CH 4 that escaped 
from wellheads into the atmosphere — greatly accelerated 
warming. (As with so many climate-related phenomena, 
scientists had foreseen this, but their predictions were 
buried in specialized journals.) Second, most analyses 
of the greenhouse gas benefits of gas were based on the 
assumption that it would replace coal in electricity gen- 
eration where the benefits, if variable, were nevertheless 
fairly clear. However, as gas became cheap, it came to be 
used increasingly in transportation and home heating, 
where losses in the distribution system negated many of 
the gains achieved in electricity generation. Third, the cal- 
culated benefits were based on the assumption that gas 
would replace coal, which it did in some regions (par- 
ticularly in the United States and some parts of Europe), 
but elsewhere (for example Canada) it mostly replaced 
nuclear and hydropower. In many regions cheap gas 
simply became an additional energy source, satisfying 
expanding demand without replacing other forms of fos- 
sil fuel energy production. As new gas-generating power 
plants were built, infrastructures based on fossil fuels were 
further locked in, and total global emissions continued to 
rise. The argument for the climatic benefits of natural gas 
presupposed that net CO a emissions would fall, which 
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would have required strict restrictions on coal and petro- 
leum use in the short run and the phase-out of gas as well 
in the long run. 22 Fourth, the analyses mostly omitted the 
cooling effects of aerosols from coal, which although bad 
for human health had played a significant role in keeping 
warming below the level it would otherwise have already 
reached. Fifth, and perhaps most important, the sustained 
low prices of fossil fuels, supported by continued subsidies 
and a lack of external cost accounting, undercut efficiency 
efforts and weakened emerging markets for solar, wind, 
and biofuels (including crucial liquid biofuels for avia- 
tion). 23 Thus, the bridge to a zero-carbon future collapsed 
before the world had crossed it. 

The net result? Fossil fuel production escalated, green- 
house gas emissions increased, and climate disruption 
accelerated. In 2001, the IPCC had predicted that atmo- 
spheric C 0 0 would double by 2050. 24 In fact, that bench- 
mark was met by 2042. Scientists had expected a mean 
global warming of 2 to 3 degrees Celsius; the actual figure 
was 3.9 degrees. Though originally merely a benchmark 
for discussion with no particular physical meaning, the 
doubling of C 0 2 emissions turned out to be quite signifi- 
cant: once the corresponding temperature rise reached 
4 degrees, rapid changes began to ensue. 

By 2040, heat waves and droughts were the norm. Con- 
trol measures — such as water and food rationing and Mal- 
thusian “one-child” policies — were widely implemented. In 
wealthy countries, the most hurricane- and tornado-prone 
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regions were gradually but steadily depopulated, putting 
increased social pressure on areas less subject to those haz- 
ards. In poor nations, conditions were predictably worse: 
rural portions of Africa and Asia began experiencing sig- 
nificant depopulation from out-migration, malnutrition- 
induced disease and infertility, and starvation. Still, sea level 
had risen only 9 to 15 centimeters around the globe, and 
coastal populations were mainly intact. 

Then, in the Northern Hemisphere summer of 2041, 
unprecedented heat waves scorched the planet, destroy- 
ing food crops around the globe. Panic ensued, with food 
riots in virtually every major city. Mass migration of 
undernourished and dehydrated individuals, coupled with 
explosive increases in insect populations, led to wide- 
spread outbreaks of typhus, cholera, dengue fever, yellow 
fever, and viral and retroviral agents never before seen. 
Surging insect populations also destroyed huge swaths of 
forests in Canada, Indonesia, and Brazil. As social order 
began to break down in the 2050s, governments were 
overthrown, particularly in Africa, but also in many parts 
of Asia and Europe, further decreasing social capacity to 
deal with increasingly desperate populations. As the Great 
North American Desert surged north and east, consum- 
ing the High Plains and destroying some of the world’s 
most productive farmland, the U.S. government declared 
martial law to prevent food riots and looting. A few years 
later, the United States announced plans with Canada for 
the two nations to begin negotiations toward the creation 
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of the United States of North America, to develop an 
orderly plan for resource-sharing and northward popula- 
tion relocation. The European Union announced similar 
plans for voluntary northward relocation of eligible citi- 
zens from its southernmost regions to Scandinavia and 
the United Kingdom. 

While governments were straining to maintain order 
and provide for their people, leaders in Switzerland and 
India — two countries that were rapidly losing substan- 
tial portions of their glacially-sourced water resources — 
convened the First International Emergency Summit on 

Climate Change, organized 
under the rubric of Unified 
Nations for Climate Pro- 
tection (the former United 
Nations having been dis- 
credited and disbanded over 
the failure of the UNFCCC). 
Political, business, and reli- 
gious leaders met in Geneva 
and Chandigarh to discuss 
emergency action. Many 
said that the time had come to make the switch to zero- 
carbon energy sources. Others argued that the world 
could not wait the ten to fifty years required to alter the 
global energy infrastructure, much less the one hundred 
years it would take for atmospheric C0 2 to diminish. 
In response, participants hastily wrote and signed the 


Mass migration of undernour- 
ished and dehydrated indi- 
viduals, coupled with explosive 
increases in insect populations, 
led to widespread outbreaks 
of typhus, cholera, dengue 
fever, yellow fever, and viral 
and retroviral agents never 
before seen. 
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Unified Nations Convention on Climate Engineering and 
Protection (UNCCEP), and began preparing blueprints 
for the International Climate Cooling Engineering Project 
(ICCEP). 

As a first step, ICCEP launched the International 
Aerosol Injection Climate Engineering Project (IAICEP, 
pronounced ay-yi-yi-sep) in 2052. 25 Sometimes called the 
Crutzen Project after the scientist who first suggested the 
idea in 2006, projects like this engendered heated public 
opposition when first proposed in the early twenty-first 
century but had widespread support by mid-century — 
from wealthy nations anxious to preserve some semblance 
of order, from poor nations desperate to see the world do 
something to address their plight, and from frantic low- 
lying Pacific Island nations at risk of being submerged by 
rising sea levels. 26 

IAICEP began to inject submicrometer- size sulfate 
particles into the stratosphere at a rate of approximately 
2.0 teragrams per year, expecting to reduce mean global 
temperature by 0.1 degrees Celsius annually from 2059 to 
2079. (In the meantime, a substantial infrastructural con- 
version to renewable energy could have been achieved.) 
Initial results were encouraging: during the first three 
years of implementation, temperature decreased as 
expected and the phase-out of fossil fuel production com- 
menced. However, in the project’s fourth year, an antici- 
pated but discounted side effect occurred: the shutdown 
of the Indian monsoon. (By decreasing incoming solar 
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radiation, IAICEP also decreased evaporation over the 
Indian Ocean, and hence the negative impact on the mon- 
soon.) As crop failures and famine swept across India, one 
of IAICEP’s most aggressive promoters now called for its 
immediate cessation. 

IAICEP was halted in 2063, but a fatal chain of events 
had already been set in motion. It began with termination 
shock — that is, the abrupt increase in global temperatures 
following the sudden cessation of the project. Once again, 
this phenomenon had been predicted, but IAICEP advo- 
cates had successfully argued that, given the emergency 
conditions, the world had no choice but to take the risk. 27 
In the following eighteen months, temperature rapidly 
rebounded, regaining not just the 0.4 degrees Celsius that 
had been reduced during the project but an additional 0.6 
degrees. This rebound effect pushed the mean global tem- 
perature increase to nearly 5 degrees Celsius. 

Whether it was caused by this sudden additional heat- 
ing or was already imminent is not known, but the green- 
house effect then reached a global tipping point. By 2060, 
Arctic summer ice was completely gone. Scores of species 
perished, including the iconic polar bear — the Dodo bird 
of the twenty-first century. While the world focused on 
these highly visible losses, warming had meanwhile accel- 
erated the less visible but widespread thawing of Arc- 
tic permafrost. Scientists monitoring the phenomenon 
observed a sudden increase in permafrost thaw and CH 4 
release. Exact figures are not available, but the estimated 
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total carbon release of Arctic CH 4 during the next decade 
may have reached over 1,000 gigatonnes, effectively dou- 
bling the total atmospheric carbon load. 28 This massive 
addition of carbon led to what is known as the Sagan 
effect (sometimes more dramatically called the Venusian 
death): a strong positive feedback loop between warming 
and CH 4 release. Planetary temperature increased by an 
additional 6 degrees Celsius over the 5-degree rise that 
had already occurred. 

The ultimate blow for Western civilization came in 
a development that, like so many others, had long been 
discussed but rarely fully assimilated as a realistic threat: 
the collapse of the West Antarctica Ice Sheet. Technically, 
what happened in West Antarctica was not a collapse; the 
ice sheet did not fall in on itself, and it did not happen all 
at once. It was more of a rapid disintegration. Post hoc 
failure analysis shows that extreme heat in the Northern 
Hemisphere disrupted normal patterns of ocean circula- 
tion, sending exceptionally warm surface waters into the 
southern ocean that destabilized the ice sheet from below. 
As large pieces of ice shelf began to separate from the main 
ice sheet, removing the bulwark that had kept the sheet 
on the Antarctic Peninsula, sea level began to rise rapidly. 

Social disruption hampered scientific data-gathering, 
but some dedicated individuals — realizing the damage 
could not be stopped — sought, at least, to chronicle it. 
Over the course of the next two decades (from 2073 to 
2093), approximately 90 percent of the ice sheet broke 
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apart, disintegrated, and melted, driving up sea level 
approximately five meters across most of the globe. Mean- 
while, the Greenland Ice Sheet, long thought to be less 
stable than the Antarctic Ice Sheet, began its own disin- 
tegration. As summer melting reached the center of the 
Greenland Ice Sheet, the east side began to separate from 
the west. Massive ice breakup ensued, adding another 
two meters to mean global sea level rise. 29 These cryo- 
genic events were soon referred to as the Great Collapse, 
although some scholars now use the term more broadly 
to include the interconnected social, economic, political, 
and demographic collapse that ensued. 

Analysts had predicted that an eight-meter sea level 
rise would dislocate 10 percent of the global population. 

Alas, their estimates proved 
low: the reality was closer to 
20 percent. Although records 
for this period are incom- 
plete, it is likely that during 
the Mass Migration 1.5 bil- 
lion people were displaced 
around the globe, either 
directly from the impacts of 
sea level rise or indirectly 
from other impacts of climate change, including the sec- 
ondary dislocation of inland peoples whose towns and 
villages were overrun by eustatic refugees. Dislocation 
contributed to the Second Black Death, as a new strain 


These cryogenic events were 
soon referred to as the Great 
Collapse, although some schol- 
ars now use the term more 
broadly to include the intercon- 
nected social, economic, politi- 
cal, and demographic collapse 
that ensued. 
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of the bacterium Yersinia pestis emerged in Europe and 
spread to Asia and North America. In the Middle Ages, 
the Black Death killed as much as half the population 
of some parts of Europe; this second Black Death had 
similar effects. 30 Disease also spread among stressed 
nonhuman populations. Although accurate statistics 
are scant because twentieth- 
century scientists did not 
have an inventory of total 
global species, it is not unre- 
alistic to estimate that 60 to 
70 percent of species were 
driven to extinction. (Five 
previous mass extinctions 
were known to scientists of 
the Penumbral Period, each 
of which was correlated to 
rapid greenhouse gas level 
changes, and each of which destroyed more than 60 per- 
cent of identifiable species — the worst reached 95 percent. 
Thus, 60-70 percent is a conservative estimate insofar 
as most of these earlier mass extinctions happened more 
slowly than the anthropogenic mass extinction of the late 
Penumbral Period.) 31 

There is no need to rehearse the details of the human 
tragedy that occurred; every schoolchild knows of the ter- 
rible suffering. Suffice it to say that total losses — social, 


Dislocation contributed to 
the Second Black Death, as 
a new strain of the bacterium 
Yersinia pestis emerged in 
Europe and spread to Asia and 
North America. In the Middle 
Ages, the Black Death killed 
as much as half the population 
of Europe; this second Black 
Death had similar effects. 
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cultural, economic, and demographic — were greater than 
any in recorded human history. Survivors’ accounts make 
clear that many thought the end of the human race was 
near. Indeed, had the Sagan effect continued, warming 
would not have stopped at 11 degrees, and a runaway 
greenhouse effect would have followed. 

However, around 2090 (the date cannot be determined 
from extant records), something occurred whose exact 
character remains in dispute. Japanese genetic engineer 
Akari Ishikawa developed a form of lichenized fungus in 
which the photosynthetic partner consumed atmospheric 
CO, much more efficiently than existing forms, and was 
able to grow in a wide diversity of environmental condi- 
tions. This pitch-black lichen, dubbed Pannaria ishikawa, 
was deliberately released from Ishikawa’s laboratory, 
spreading rapidly throughout Japan and then across most 
of the globe. Within two decades, it had visibly altered 
the visual landscape and measurably altered atmospheric 
CO v starting the globe on the road to atmospheric recov- 
ery and the world on the road to social, political, and eco- 
nomic recovery. 

In public pronouncements, the Japanese government 
has maintained that Ishikawa acted alone, and cast her 
as a criminal renegade. Yet many Japanese citizens have 
seen her as a hero, who did what their government could 
not, or would not, do. Most Chinese scholars reject both 
positions, contending that the Japanese government, hav- 
ing struggled and failed to reduce Japan’s own carbon 
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emissions, provided Ishikawa with the necessary resources 
and then turned a blind eye toward its dangerous and 
uncertain character. Others blame (or credit) the United 
States, Russia, India, or Brazil, as well as an international 
consortium of financiers based in Zurich. Whatever the 
truth of this matter, Ishikawa’s actions slowed the increase 
of atmospheric C0 2 dramatically. 

Humanity was also fortunate in that a so-called “Grand 
Solar Minimum” reduced incoming solar radiation dur- 
ing the twenty-second century by 0 . 5 %, offsetting some of 
the excess C0 2 that had accumulated, and slowing the rise 
of surface and oceanic temperatures for nearly a century, 
during which time survivors in northern inland regions 
of Europe, Asia, and North America, as well as inland 
and high-altitude regions of South America, were able to 
begin to regroup and rebuild. The human populations of 
Australia and Africa, of course, were wiped out. 
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New York City in the twenty-fourth century Once the financial capital of the world, 
New York began in the early twenty-first century to attempt to defend its elabo- 
rate and expensive infrastructure against the sea. But that infrastructure had been 
designed and built with an expectation of constant seas and was not easily adapted 
to continuous, rapid rise. Like the Netherlands, New York City gradually lost its 
struggle. Ultimately, it proved less expensive to retreat to higher ground, abandoning 
centuries' worth of capital investments. 
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Market Failure 


To the historian studying this tragic period of human 
history, the most astounding fact is that the victims knew 
what was happening and why. Indeed, they chronicled it 
in detail precisely because they knew that fossil fuel com- 
bustion was to blame. Historical analysis also shows that 
Western civilization had the technological know-how 
and capability to effect an orderly transition to renewable 
energy, yet the available technologies were not imple- 
mented in time . 1 As with all great historical events, there 
is no easy answer to the question of why this catastro- 
phe occurred, but key factors stand out. The thesis of this 
analysis is that Western civilization became trapped in the 
grip of two inhibiting ideologies: positivism and market 
fundamentalism. 

Twentieth-century scientists saw themselves as the 
descendants of an empirical tradition often referred to as 
positivism — after the nineteenth-century French philoso- 
pher, Auguste Comte, who developed the concept of “pos- 
itive” knowledge (as in, “absolutely, positively true”) — but 
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the overall philosophy is more accurately known as 
Baconianism. This philosophy held that through experi- 
ence, observation, and experiment, one could gather reli- 
able knowledge about the natural world, and that this 
knowledge would empower its holder. Experience justi- 
fied the first part of the philosophy (we have recounted 
how twentieth-century scientists anticipated the conse- 
quences of climate change), but the second part — that 
this knowledge would translate into power — proved less 
accurate. Although billions of dollars were spent on cli- 
mate research in the late twentieth and early twenty-first 
centuries, the resulting knowledge had little impact on the 
crucial economic and technological policies that drove 
the continued use of fossil fuels. 

A key attribute of the period was that power did not 
reside in the hands of those who understood the climate 
system, but rather in political, economic, and social insti- 
tutions that had a strong interest in maintaining the use 
of fossil fuels. Historians have labeled this system the 
carbon-combustion complex: a network of powerful indus- 
tries comprising fossil fuel producers, industries that 
served energy companies (such as drilling and oil field 
service companies and large construction firms), manu- 
facturers whose products relied on inexpensive energy 
(especially automobiles and aviation, but also aluminum 
and other forms of smelting and mineral processing), 
financial institutions that serviced their capital demands, 
and advertising, public relations, and marketing firms 
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who promoted their products. Maintaining the carbon- 
combustion complex was clearly in the self-interest of 
these groups, so they cloaked this fact behind a network 
of “think tanks” that issued challenges to scientific knowl- 
edge they found threatening . 2 Newspapers often quoted 
think tank employees as if they were climate researchers, 
juxtaposing their views against those of epistemologically 
independent university or government scientists. This 
practice gave the public the impression that the science 
was still uncertain, thus undermining the sense that it was 
time to act . 3 Meanwhile, scientists continued to do sci- 
ence, believing, on the one hand, that it was inappropriate 
for them to speak on political questions (or to speak in 
the emotional register required to convey urgency) and, 
on the other hand, that if they produced abundant and 
compelling scientific information (and explained it calmly 
and clearly), the world would take steps to avert disaster. 

Many scientists, to their credit, recognized the difficul- 
ties they were facing, and grappled with how to commu- 
nicate their knowledge effectively . 4 Some tried to create 
institutional structures to support less reductionist modes 
of inquiry that analyzed broad patterns and the interac- 
tions between natural and social systems. While they were 
making some headway, a large part of Western society was 
rejecting that knowledge in favor of an empirically inad- 
equate yet powerful ideological system. Even at the time, 
some recognized this system as a quasi-religious faith, 
hence the label market fundamentalism. 
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Market fundamentalism — and its various strands and 
interpretations known as free market fundamentalism, 
neoliberalism, laissez-faire economics, and laissez-faire 
capitalism — was a two-pronged ideological system. The 
first prong held that societal needs were served most effi- 
ciently in a free market economic system. Guided by the 
“invisible hand” of the marketplace, individuals would 
freely respond to each other’s needs, establishing a net bal- 
ance between solutions (“supply”) and needs (“demand”). 
The second prong of the philosophy maintained that free 
markets were not merely a good or even the best manner 
of satisfying material wants: they were the only manner of 
doing so that did not threaten personal freedom. 

The crux of this second point was the belief that mar- 
ketplaces represented distributed power. Various indi- 
viduals making free choices held power in their hands, 
preventing its undue concentration in centralized gov- 
ernment. Conversely, centrally planned economies 
entailed not just the concentration of economic power, 
but of political power as well. Thus, to protect personal 
liberty — political, civic, religious, artistic — economic lib- 
erty had to be preserved. This aspect of the philosophy, 
called neoliberalism, hearkened back to the liberalism of 
the eighteenth- and nineteenth-century Enlightenment, 
particularly the works of Adam Smith, David Hume, John 
Locke, and, later, John Stuart Mill. Reacting to the domi- 
nant form of Western governance in their time — that is, 
monarchy — these thinkers lionized personal liberty in 
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contrast to control by unjust, arbitrary, and often incom- 
petent despots. At a time when some political leaders 
were imagining alternatives to despotic monarchy, many 
viewed the elevation of individual rights as a necessary 
response. In the late eighteenth century, these views 
influenced the architects of the American Republic and 
the early, “liberal” phase of the French Revolution. Even 
then, however, such views were more idealistic than real- 
istic. The late-eighteenth-century U.S. Constitution pre- 
served and validated race-based slavery; even when that 
nation abolished slavery in the mid-nineteenth century, it 
preserved economic and social apartheid for more than 
a century thereafter. In Europe, the French Revolution 
collapsed in a wave of violence and the restoration of 
autocratic rule under Napoleon Bonaparte. 

In the nineteenth century, power became concentrated 
in the hands of industrialists (the “robber barons,” monop- 
olies, and “trusts” of the United States and elsewhere), 
challenging liberal conceptions of the desirability of weak 
political governance. In Europe, the German philosopher 
Karl Marx argued that an inherent feature of the capitalist 
system was the concentration of wealth and power in a 
ruling class that siphoned off the surplus value produced 
by workers. Industrialists not only employed workers 
under brutal and tyrannical conditions (the nineteenth- 
century “satanic mills”), they also corrupted democratic 
processes through bribery and extortion and distorted the 
marketplace through a variety of practices. A powerful 
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example is the development and expansion of American 
railroads. Supply of these “roads to nowhere” was heavily 
subsidized, and the demand for them was manufactured 
at the expense of displaced native peoples and natural 
environment of the American West . 5 

Marx’s analysis inspired popular leaders in many 
nation-states then in existence — for example, Russia, 
China, Vietnam, Ghana, and Cuba — to turn to com- 
munism as an alternative economic and social system. 
Meanwhile, the capitalist United States abolished slav- 
ery and made adjustments to remedy power imbal- 
ances and losses of liberty due to the concentration of 
wealth. Among other reforms, the federal government 
introduced antitrust laws to prevent monopolistic prac- 
tices, established worker protections such as limits on 
the length of the working day and prohibitions on child 
labor, and developed a progressive income tax. By the 
early twentieth century, it was clear that capitalism in 
its pure, theoretical form did not exist, and few could 
argue for its desirability: the failures were too obvi- 
ous. Intellectuals came to see the invisible hand, akin 
to the hand of God, as the quasi-religious notion that 
it was. The Great Depression of the 1930s — from which 
Europe and the United States emerged only through the 
centralized mobilization of World War II — led scholars 
and political leaders to view the idea of self-regulating 
markets as a myth. After WWII, most non-communist 
states became “mixed” economies with a large degree of 
both individual and corporate freedom and significant 
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government involvement in markets, including extensive 
systems of taxes, tariffs, subsidies, regulation of banks 
and exchanges, and immigration control . 6 

Meanwhile communism, which had spread through- 
out Eurasia and to some parts of Africa and Latin and 
South America, was revealing even worse failures than 
capitalism. Communist economies proved grossly inef- 
ficient at delivering goods and services; politically, early 
ideas of mass empowerment gave way to tyrannical and 
brutal dictatorship. In the Soviet Union under Joseph 
Stalin, tens of millions died in purges, forced collectiviza- 
tion of agriculture, and other forms of internal violence. 
Tens of millions died in China as well during the “Great 
Leap Lorward” — the attempt by (Mao Zedong) to 

force rapid industrialization — and many more in the so- 
called Cultural Revolution of the first People’s Republic 
of China (PRC ). 7 

following World War II, the specter of Russian com- 
munism’s spread into Eastern (and possibly even West- 
ern) Europe — thus affecting U.S. access to markets and 
stoking fears that the West could sink back into economic 
depression — led the United States to take a strong position 
against Soviet expansion. Conversely, the Soviet Union’s 
desire to control its western flanks in light of historic 
vulnerability led to the political occupation and control 
of Eastern Europe. The resulting Cold War (1945-1989) 
fostered a harshly polarized view of economic systems, 
with “communists” decrying the corruption of the capi- 
talist system and “capitalists” condemning the tyranny 
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and violence in communist regimes (acknowledging here 
that in practice neither system was purely communist nor 
purely capitalist). Perhaps because of the horrible vio- 
lence in the East, many Western intellectuals came to see 
everything associated with communism as evil, even — 
and crucially for our story — modest or necessary forms 
of intervention in the marketplace such as progressive 
taxation and environmental regulation, and humanitar- 
ian interventions such as effective and affordable regimes 
of health care and birth control. 

Neoliberalism was developed by a group of thinkers — 
most notably Austrian Friedrich von Hayek and Ameri- 
can Milton Friedman — who were particularly sensitive to 
the issue of repressive centralized government. In two key 
works, von Hayek’s Road to Serfdom and Friedman’s Cap- 
italism and Freedom, they developed the crucial “neo-” 
component of neoliberalism: the idea that free market 
systems were the only economic systems that did not 
threaten individual liberty. 

Neoliberalism was initially a minority view. In the T950S 
and 1960s, the West experienced high overall prosperity, 
and individual nations developed mixed economies that 
suited their own national cultures and contexts. Things 
began to shift in the late 1970s and 1980s, when Western 
economies stalled and neoliberal ideas attracted world 
leaders searching for answers to their countries’ declining 
economic performance, such as Margaret Thatcher in the 
United Kingdom and Ronald Reagan in the United States. 
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Friedman became an advisor to President Reagan; in 1991, 
von Hayek received the Presidential Medal of Freedom 
from President George H. W. Bush. 8 

An ironic aspect of this element of our story is that 
Friedrich von Hayek had great respect and admiration for 
the scientific enterprise, seeing it as the historical com- 
panion to enterprise capitalism. By fostering commerce, 
von Hayek suggested, science and industry were closely 
linked to the rise of capitalism and the growth of political 
freedom; this view was shared by mid-twentieth-century 
advocates for an expanded role of government in promot- 
ing scientific investigations . 9 However, when environmen- 
tal science showed that government action was needed to 
protect citizens and the natural environment from unin- 
tended harms, the carbon-combustion complex began to 
treat science as an enemy to be fought by whatever means 
necessary. The very science that had led to U.S. victory in 
World War II and dominance in the Cold War became 
the target of skepticism, scrutiny, and attack. (Science 
was also attacked in communist nations for the same basic 
reason — it came into conflict with political ideology .) 10 
The end of the Cold War (1989-1991) was a source of 
celebration for citizens who had lived under the yoke of 
oppressive Soviet-style governance; it also ignited a slow 
process of overdue reforms in the First People’s Republic 
of China. But for many observers in the West, the Soviet 
Union’s collapse gave rise to an uncritical triumphalism, 
proof of the absolute superiority of the capitalist system. 
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Some went further, arguing that if capitalism was a superior 
system, then the best form of capitalism lay in its purest form. 
While it is possible that some academic economists and 

intellectuals genuinely held 
this view, it was the indus- 
trialists and financiers who 
perceived large opportuni- 
ties in less regulated markets 
who did the most to spread 
and promote it. As a result, 
the 1990s and 2000s featured 
a wave of deregulation that 
weakened consumer, worker, 
and environmental protec- 
tions. A second Gilded Age 
reproduced concentrations of 
power and capital not seen 
since the nineteenth century, 
with some of the accumulated capital used to finance 
think tanks that further promoted neoliberal views. (And 
some of the rest reinvested in fossil fuel production.) 
Most important for our purposes, neoliberal thinking led 
to a refusal to admit the most important limit of capital- 
ism: market failure. 

When scientists discovered the limits of planetary 
sinks, they also discovered market failure. The toxic 
effects of DDT, acid rain, the depletion of the ozone layer, 
and climate change were serious problems for which 


When environmental science 
showed that government action 
was needed to protect citizens 
and the natural environment 
from unintended harms, the 
carbon-combustion complex 
began to treat science as an 
enemy to be fought by what- 
ever means necessary. The very 
science that had led to U.S. 
victory in World War II and 
dominance in the Cold War be- 
came the target of skepticism, 
scrutiny, and attack. 
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markets did not provide a spontaneous remedy. Rather, 
government intervention was required: to raise the mar- 
ket price of harmful products, to prohibit those products, 
or to finance the develop- 
ment of their replacements. 

But because neoliberals were 
so hostile to centralized gov- 
ernment, they had, as Amer- 
icans used to say, “painted 
themselves into a corner.” The 
American people had been 
persuaded, in the words of U.S. President Ronald Reagan 
(r. 1980-1988), that government was “the problem, not the 
solution.” Citizens slid into passive denial, accepting the 
contrarian arguments that the science was unsettled. Lack- 
ing widespread support, government leaders were unable 
to shift the world economy to a net carbon-neutral energy 
base. As the world climate began to spin out of control 
and the implications for market failure became indisput- 
able, scientists came under attack, blamed for problems 
they had not caused, but had documented. 

Physical scientists were chief among the individu- 
als and groups who tried to warn the world of climate 
change, both before and as it happened. (In recogni- 
tion of what they tried to achieve, millions of survivors 
have taken their names as middle names.) Artists noted 
the tendency to ignore warning signs, such as the mid- 
twentieth-century Canadian songwriter Leonard Cohen, 


The toxic effects of DDT, acid 
rain, the depletion of the ozone 
layer, and climate change were 
serious problems for which 
markets did not provide a 
spontaneous remedy. 
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who sang “We asked for signs. The signs were sent.” Social 
scientists introduced the concept of “late lessons from 
early warnings” to describe a growing tendency to neglect 
information. As a remedy, they promoted a precautionary 
principle, whereby early action would prevent later dam- 
age. The precautionary principle was a formal instantia- 
tion of what had previously been thought of as common 
sense, reflected in the nineteenth-century European and 

American adages, “A stitch 
in time saves nine” and “An 
ounce of prevention is worth 
a pound of cure.” Yet this tra- 
ditional wisdom was swept 
away in neoliberal hostil- 
ity toward planning and an 
overconfident belief in the 
power of markets to respond 
to social problems as they 
arose. (Indeed, neoliberals 
believed markets so powerful they could “price in” futures 
that had not happened yet — pre-solving problems as it 
were, a brilliant case of wishful fantasy that obviated the 
need for hateful planning.) Another of the many ironies of 
the Penumbral Period is that the discipline of economics — 
rooted in the ancient Greek concept of household manage- 
ment ( oikos , “house,” and nomos, “laws” or “rules”) — failed 
to speak to the imperative of a managed transition to a 
new energy system. The idea of managing energy use and 


The precautionary principle 
was a formal instantiation 
of what had previously been 
thought of as common sense, 
reflected in the nineteenth- 
century European and Ameri- 
can adages, “A stitch in time 
saves nine” and “An ounce of 
prevention is worth a pound 
of cure.” 
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controlling greenhouse gas emissions was anathema to 
the neoliberal economists whose thinking dominated at 
this crucial juncture. Thus, no planning was done, no pre- 
cautions were taken, and the only management that finally 
ensued was disaster management. 

Discerning neoliberals acknowledged that the free mar- 
ket was not really free; interventions were everywhere. 
Some advocated eliminating subsidies for fossil fuels 
and creating “carbon” markets . 11 Others recognized that 
certain interventions could be justified. Von Hayek him- 
self was not opposed to government intervention per se; 
indeed, as early as 1944, he rejected the term laissez-faire 
as misleading because he recognized legitimate realms 
of government intervention: “The successful use of com- 
petition as the principle of social organization precludes 
certain types of coercive interference with economic life, 
but it admits of . . . and even requires [others],” he wrote. 
In his view, legitimate interventions included paying for 
signposts on roads, preventing “harmful effects of defor- 
estation, of some methods of farming, or of the noise and 
smoke of factories,” prohibiting the use of poisonous sub- 
stances, limiting working hours, enforcing sanitary con- 
ditions in workplaces, controlling weights and measures, 
and preventing violent strikes . 12 Von Hayek simply (and 
reasonably) believed that if the government were to carry 
out such functions, and particularly if doing so selectively 
limited the freedom of particular groups or individu- 
als, then the justification for the intervention should be 
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clear and compelling. Given the events recounted here, 
it is hard to imagine why anyone in the twentieth century 
would have argued against government protection of the 
natural environment on which human life depends. Yet 
such arguments were not just made, they dominated the 
public sphere. 

The ultimate paradox was that neoliberalism, meant to 
ensure individual freedom above all, led eventually to a 
situation that necessitated large-scale government inter- 
vention. Classical liberalism was centered on the idea of 
individual liberty, and in the eighteenth century most 
individuals had precious little of it — economic or other- 
wise. But by the mid-twentieth century this situation had 
changed dramatically: slavery was formally outlawed in 
the nineteenth century, and monarchies and other forms 
of empire were increasingly replaced by various forms of 
“liberal” democracy. In the West, individual freedoms — 
both formal and informal — probably peaked around the 
time von Hayek was writing, or shortly thereafter. By 
the end of the twentieth century, Western citizens still 
held the formal rights of voting, various forms of free 
thought and expression, and freedom of employment 
and travel. But actionable freedom was decreasing, first 
as economic power was increasingly concentrated in a 
tiny elite, who came to be known as the “1 percent,” and 
then in a political elite propelled to power as the climate 
crisis forced dramatic interventions to relocate citizens 
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displaced by sea level rise and desertification, to contain 
contagion, and to prevent mass famine. And so the devel- 
opment that the neoliberals most dreaded — centralized 
government and loss of personal choice — was rendered 
essential by the very policies that they had put in place. 
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The former state of Florida (part of the former United States) In one of the many 
paradoxes of history, the inhabitants of late-twentieth-century Florida were engaged 
in a grand project to save an enormous sea-level wetlands region known as the Ever- 
glades from urban growth and the diversion of freshwater to urban and agricultural 
use. Yet even the low-end estimates of twenty-first century sea-level rise rendered 
this effort pointless due to inundation; what actually happened cost Floridians both 
the Everglades and many of their major cities. 
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Epilogue 


As the devastating effects of the Great Collapse began to 
appear, the nation-states with democratic governments — 
both parliamentary and republican — were at first unwill- 
ing and then unable to deal with the unfolding crisis. As 
food shortages and disease outbreaks spread and sea level 
rose, these governments found themselves without the 
infrastructure and organizational ability to quarantine 
and relocate people. 

In China, the situation was somewhat different. Like 
other post-communist nations, China had taken steps 
toward liberalization but still retained a powerful central- 
ized government. When sea level rise began to threaten 
coastal areas, China rapidly built new inland cities and 
villages and relocated more than 250 million people to 
higher, safer ground. 1 The relocation was not easy; many 
older citizens, as well as infants and young children, could 
not manage the transition. Nonetheless, survival rates 
exceeded 80 percent. To many survivors — in what might 
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be viewed as a final irony of our story — China’s ability to 
weather disastrous climate change vindicated the neces- 
sity of centralized government, leading to the establish- 
ment of the Second People’s Republic of China (SPRC) 
(also sometimes referred to as Neocommunist China) and 
inspiring similar structures in other, reformulated nations. 
By blocking anticipatory action, neoliberals did more than 
expose the tragic flaws in their own system: they fostered 
expansion of the forms of governance they most abhorred. 

Today, we remain engaged in a vigorous intellectual 
discussion of whether, now that the climate system has 
finally stabilized, decentralization and redemocratization 
may be considered. Many academics, in the spirit of his- 
tory’s great thinkers, hope that such matters may be freely 
debated. Others consider that outcome wishful, in light of 
the dreadful events of the past, and reject the reappraisal 
that we wish to invite here. Evidently, the Penumbra falls 
even today — and likely will continue to fall for years, 
decades, and perhaps even centuries to come. 
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Lexicon of Archaic Terms 


Anthropocene The geological period, beginning in approx- 
imately 1750 with the start of the Industrial Revolution, 
when humans have become geological agents whose activ- 
ities effectively compete with, and begin to overwhelm, 
geophysical, geochemical, and biological processes. 

Baconianism A philosophy, generally attributed to the 
English jurist Sir Francis Bacon (1561-1626), that held 
that through experience, observation, and experiment, 
one could gather reliable knowledge about the natural 
world and this knowledge would empower its holder. 
The fallacy of Baconianism was clearly demonstrated by 
the powerlessness of scientists, in the late twentieth and 
twenty-first centuries, to effect meaningful action on cli- 
mate change despite their acute knowledge of it. 

bridge to renewables The logical fallacy, popular in the 
first decades of the twenty-first century, that the problem 
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of greenhouse gas emissions from fossil fuel combustion 
could be solved by burning more fossil fuels, particularly 
natural gas. The fallacy rested on an incomplete analysis, 
which considered only physical by-products of combus- 
tion, particularly in electricity generation, and not the 
other factors that controlled overall energy use and net 
release of greenhouse gases to the atmosphere. 

capitalism A form of socioeconomic organization that 
dominated Western Europe and North America from the 
sixteenth to the twentieth centuries, in which the means 
of production and distribution of goods and services were 
owned either by individuals or by government-chartered 
legal entities called “corporations.” Typically these entities 
were operated for-profit, with the surplus value produced 
by workers funneled to owners, managers, and “investors,” 
third parties who owned “stock” in a company but had lia- 
bility neither for its debts nor its social consequences. The 
separation of work from ownership produced a concentra- 
tion of wealth amongst a tiny elite, who could then purchase 
more favorable laws and regulations from their host govern- 
ments. One popular notion about capitalism of the period 
was that it operated through a process of creative destruc- 
tion. Ultimately, capitalism was paralyzed in the face of the 
rapid climate destabilization it drove, destroying itself. 

carbon-combustion complex The interlinked fossil 
fuel extraction, refinement, and combustion industries, 
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financiers, and government “regulatory” agencies that 
enabled and defended destabilization of the world’s cli- 
mate in the name of employment, growth, and prosperity. 

communism A political ideology rooted in the early Euro- 
pean industrial revolution that favored workers’ rights 
over those of financiers and managers, and state planning 
over market forces. Adopted primarily in Eurasia in the 
early to mid-twentieth century, it was largely abandoned 
in the late twentieth century due to its failures to deliver 
on its economic promises, and its susceptibility to political 
corruption and human rights abuses. However, it became 
resurgent in a modified form labeled neocommunism, 
focused on the necessity of government intervention in 
response to the crisis of the Great Collapse. 

cryosphere The portions of the Earth’s surface, including 
glaciers, ice sheets, sea ice, and permafrost on land, that 
used to be frozen. 

environment The archaic concept which, separating 
humans from the rest of the world, identified the nonhu- 
man component as something which carried particular 
aesthetic, recreational, or biological value (see environ- 
mental protection). Sometimes the “natural” environment 
was distinguished from the “built” environment, contribut- 
ing to the difficulty that twentieth-century humans had in 
recognizing and admitting the pervasive and global extent 
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of their impact. Radical thinkers, such as Paul Ehrlich and 
Dennis and Donella Meadows (a twentieth-century hus- 
band and wife team), recognized that humans are part of 
their environment and dependent upon it, and that its value 
was more than aesthetic and recreational; that the natu- 
ral world was essential for human employment, growth, 
prosperity, and health. These arguments were commonly 
disparaged, but the idea of environmental protection con- 
tained at least partial recognition of this point. 

environmental protection The archaic late-twentieth- 
century concept that singled out the nonhuman environ- 
ment (see environment) for legal protection, typically in 
response to damaging economic activity (see external costs). 

eustatic refugees “Eustasy” is a global change in sea level; 
eustatic refugees are those displaced by rising seas. 

external costs In capitalist economic systems (see capi- 
talism ; invisible hand), prices for goods and services were 
based upon what the market “would bear” (i.e., what con- 
sumers were willing and able to pay), without regard to 
social, biological, or physical costs associated with manu- 
facture, transport, and marketing. These additional costs, 
not reflected in prices, were referred to as “external” 
because they were seen as being external to markets and 
therefore external to the economic system in which those 
markets operated (see market failure). Economists of this 
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era found it difficult to accept that one could not have an 
economy without the resources provided by this “exter- 
nal” environment. 

Fisherian statistics A form of mathematical analysis 
developed in the early twentieth century and designed to 
help distinguish between causal and accidental relation- 
ships between phenomena. Its originator, R. A. Fisher, was 
one of the founders of the science of population genetics, 
and also an advocate of racially-based eugenics programs. 
Fisher also rejected the evidence that tobacco use caused 
cancer, and his argument that “correlation is not causa- 
tion” was later used as a mantra by neoliberals rejecting 
the scientific evidence of various forms of adverse envi- 
ronmental and health effects from industrial products 
(see statistical significance). 

fugitive emissions Leakage from wellheads, pipelines, 
refineries, etc. Considered “fugitive” because the releases 
were supposedly unintentional, at least some of them (e.g., 
methane venting at oil wells) were in fact entirely delib- 
erate. While widely acknowledged by engineers to exist, 
the impacts of fugitive emissions was minimized by the 
carbon-combustion complex and its defenders, and thus 
went largely unaccounted (see bridge to renewables-, capi- 
talism-, external costs). Some went so far as to insist that 
because methane was a commercially valuable gas, it was 
impossible that corporations would allow it to “escape.” 
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Great Depression The period of pervasive market fail- 
ure, deflation, and unemployment, in the United States 
and Europe, from 1929 to 1941, separating the First 
Gilded Age from the Second World War. Brought on 
by the collapse of unregulated financial markets, it led 
to widespread questioning of capitalist theory, and for 
a period of about a half century, the deployment of 
social-democratic policies in Europe and North America 
designed to ameliorate the worst social costs of mar- 
ket capitalism. Elowever, by the late twentieth century, 
the lessons of the Great Depression had been forgotten, 
many of the protections put in place dismantled, and a 
veritable frenzy of consumption (driven in large part by 
fossil fuel combustion) ensued. 

greenhouse gases Gases — such as water vapor, carbon 
dioxide, methane, nitrous oxide, and others — that trap 
infrared radiation and therefore heat the Earth above the 
temperature that would prevail in their absence. 

human adaptive optimism (1) The belief that there are 
no limits to human adaptability — that we can either adapt 
to any circumstances, or change them to suit ourselves. 
Belief in geoengineering as a climate “solution” was a sub- 
set of HAO. (2) The capacity of humans to remain opti- 
mistic and adapt to changed circumstances, even in the 
face of daunting difficulties, and even if the form of “adap- 
tation” required is suffering. 
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invisible hand A form of magical thinking, popularized in 
the eighteenth century, that economic markets in a capi- 
talist system were “balanced” by the actions of an unseen, 
immaterial power, which both ensured that markets func- 
tioned efficiently and that they would address human 
needs. Belief in the invisible hand (sometimes also called 
the invisible hand of the marketplace) formed a kind of 
quasi-religious foundation for capitalism (see capitalism-, 
external costs-, market failure; market fundamentalism). 

market failure The social, personal, and environmental 
costs that market economies imposed on individuals and 
societies were referred to as “market failures.” The concept 
of market failure was an early recognition of the limits of 
capitalist theory (see external costs-, invisible hand). 

market fundamentalism A quasi-religious dogma (see 
invisible hand) promoting unregulated markets over all 
other forms of human socioeconomic organization. Dur- 
ing the Penumbra, market fundamentalists tended to 
deny the existence of market failure, thus playing a key 
role in the denial of the changes that were already under 
way and therefore in the catastrophes that ensued. 

Period of the Penumbra The shadow of anti-intellectual- 
ism that fell over the once-Enlightened techno-scientific 
nations of the Western world during the second half of 
the twentieth century, preventing them from acting on the 
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scientific knowledge available at the time and condemning 
their successors to the inundation and desertification of 
the late twenty-first and twenty-second centuries. 

physical scientists The practitioners in a network of 
scientific disciplines derived from the eighteenth-century 
natural philosophy movement. Overwhelmingly male, 
they emphasized study of the world’s physical constituents 
and processes — the elements and compounds; atomic, 
magnetic, and gravitational forces; chemical reactions, 
flows of air and water — to the neglect of biological and 
social realms and focused on reductionist methodologies 
that impeded understanding of the crucial interactions 
between the physical, biological, and social realms. 

positivism The intellectual philosophy, promoted in the 
late nineteenth century by the French sociologist Auguste 
Comte (but also associated with earlier thinkers such as 
Francis Bacon and Pierre Simon LaPlace and later think- 
ers such as Ernst Mach and A. J. Ayer), which stressed that 
reliable knowledge must be grounded in observation. State- 
ments that could not be tested through observation were 
considered to be outside the realm of “positive knowledge” — 
or science — and this included most metaphysical and reli- 
gious claims. Logical positivists (sometimes also referred 
to as logical empiricists) stressed the linguistic aspects of 
this problem and focused on finding theoretically neutral 
means to articulate observation statements. In the twentieth 
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century, the term was sometimes confusingly associated 
with the nearly opposite stance: that scientific theories are 
to be believed come hell or high water. Thus, scientists were 
sometimes accused of being “positivists” for believing in the 
truth of their theories, when in fact a true positivist would 
only believe in the truth of the observations (or observation 
statements) on which those theories were built. 

precautionary principle “First, do no harm,” a doctrine 
supposed to descend from the ancient Greek physician 
Hippocrates. The basis of all policies designed to protect 
human life and health. 

Sagan effect In 1959, U.S. astronomer Carl Sagan identi- 
fied the greenhouse effect as the cause of Venus’s hotter- 
than-molten-lead surface temperature; as anthropogenic 
global warming took hold in the late 2000s, the term 
Sagan effect was used to refer to the runaway greenhouse 
effect on Earth. 

sink Place where wastes accumulated, either deliberately 
or not. Industrial powers of the twentieth century treated 
the atmosphere and oceans as sinks, wrongly believing 
them capable of absorbing all the wastes humans produced, 
in perpetuity. 


statistical significance The archaic concept that an 
observed phenomenon could only be accepted as true if 
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the odds of it happening by chance were very small, typi- 
cally taken to be no more than 1 in 20. 

synthetic-failure paleoanalysis The discipline of under- 
standing past failure, specifically by understanding the 
interactions (or synthesis) of social, physical, and biologi- 
cal systems. 

termination shock The sudden rise in atmospheric tempera- 
ture caused by the cessation of efforts to cool the planet. 

type I error The conceptual mistake of accepting as true 
something that is false. Both type I and type II errors are 
wrong, but in the twentieth century it was believed that a 
type I error was worse than a type II error. 

type II error The conceptual mistake of rejecting as false 
something that is true. In the twentieth century it was 
believed that a type I error was worse than a type II error. The 
rejection of climate change proved the fallacy of that belief. 

zero-net-carbon infrastructure The technocomplex of non- 
fossil energy sources, transportation systems, and carbon 
sequestration technologies deployed to counterbalance the 
climate effects of the industrial agriculture necessary to 
sustain the surviving human population (e.g., like the not- 
very- successful forests of mechanical atmosphere scrub- 
bers deployed between 2100 and 2170). 
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Interview with the Authors 


i. How did you originally come to write The Collapse of 
Western Civilization (CWC )? How do you see it in rela- 
tion to your recent title Merchants of Doubt?* 

Naomi Oreskes (NO): I was invited to write a piece 
for a special issue of Daedalus on social scientific ap- 
proaches to climate change. The specific invitation 
was to write on why we (collectively) were failing 
to respond adequately. At the time, I was ponder- 
ing why scientists’ attempts at communication were 
proving so conspicuously ineffective, but I was hav- 
ing trouble thinking of how to answer the question 
without rewriting Merchants of Doubt on the one 
hand, or sounding like a scold on the other. As a 


* Interview conducted by Patrick Fitzgerald, Publisher for Life Sciences, 
Columbia University Press. 
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historian, I also felt uncomfortable trying to answer 
such a present-tense question. Then the thought 
came to me: what will future historians say about us? 
How will they answer this question? And when Erik 
didn’t object . . . 

2. Naturally, contemplating the collapse of a civilization 
and the planetary environmental disaster you describe 
is pretty grim stuff. How did you wrestle with the overall 
mordant quality of the writing? 

NO: Writing from the perspective of a future histori- 
an solved that problem. Viewing things in hindsight 
gives you emotional distance. 

Erik Conway (EC): Yes — and I would add that I’m not 
sure “mordant” is really the right term. Many people 
on the activist end of the climate change “debate” 
seem to believe that climate change will result in hu- 
man extinction. But that’s not what looking back at 
previous episodes of climate change in human his- 
tory has to offer. Our social, political, and cultural 
organizations change in response to climate. Some- 
times governance structures survive, sometimes 
they don’t. But people will — although if we continue 
down our current fossil-fueled path, there will be a 
lot less of us in a few hundred years. Not that I will 
live to see it! 
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To me, CWC is hopeful. There will be a future 
for humanity, even if one no longer dominated by 
“Western Culture.” 

3. How have fiction and science fiction informed your 
thinking and your writing in CWC? 

EC: Science fiction has explored issues of climate 
change and disruption for decades. The first fiction 
author I’m aware of who looked seriously at the role 
of ecosystems in human activities was Frank Her- 
bert. His 1965 work Dune was a fascinating study of 
the way a single planet’s ecosystem affected an entire 
galactic empire. The work most personally influen- 
tial to us was Kim Stanley Robinson’s two trilogies — 
his Mars triology, and his climate change trilogy (the 
latter is the one we mention in the book). They are 
both complicated stories, but the basic narrative in 
the Mars story is conflict over how to change the 
climate to make it inhabitable for Earthlings, while 
also trying to deal (badly) with climate disruption 
on Earth. The climate change trilogy is written in a 
realistic vein, so some might not consider it science 
fiction at all, but it is closely based on science, as is 
our story. 

There are numerous advantages to working in a 
fictional mode. One is that you can address themes in 
ways that are very difficult for historians, because 
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you are not so strictly limited by sources. Robinson, 
for example, deals very effectively with various 
strands of environmental thinking. For a historian to 
do that, he or she would need access to a very large 
quantity of material, including business records, and 
it’s very difficult to get access to corporate records. 
History tends to be skewed toward topics and people 
who have left extensive, and open, records. Histori- 
ans also have to stay close to their source material, 
which sometimes gets in the way of telling a good 
story. Fiction gives you more latitude, and here we 
try to use that latitude in interesting and thought- 
provoking ways, but always with the goal of being 
true to the facts: true to what science tells us could 
really happen if we continue with business as usual, 
and true to what history suggests is plausible. Nothing 
is invented out of whole cloth. 

NO: In my talks, I like to remind folks of Robinson’s 
wonderful line: “The invisible hand never picks up 
the check.” That’s market failure in a nutshell. Stan 
was one of the first people to get the connection be- 
tween neoliberalism and climate change denial and 
the first to work that theme into fiction, at least as 
far as I know. 

It’s interesting to me that he is very influenced by 
history of science. I suppose it’s the sense I got from 
his work of a blend created by honoring the factual 
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constraints of nature — as illuminated by science — 
with the creative opportunities offered by fiction — 
that helped to inspire this piece. I didn’t realize that 
when we first started writing, but partway into I did. 
I’m also inspired by Margaret Atwood. Alias Grace 
especially. 

4 - One of the features I enjoyed is the satire in your essay. 
Can you tell us a little about the “carbon-combustion 
complex” and the “Sea Level Rise Denial Bill”? 

NO: Merchants of Doubt tells the story of a particu- 
lar group of people who sowed doubt about climate 
change (and several other issues), why they did, and 
how. But it left (mostly) unanswered the question 
of why selling doubt has been so effective. One part 
of the answer had to do with the large network of 
people who benefit from the production and use of 
fossil fuels. It’s not just the fossil fuel companies — 
although obviously they lay the crucial foundation — 
but it’s also the automobile industry, the aerospace 
industry, the electrical utilities, the folks who supply 
asphalt for roads . . . you get the picture. At the same 
time we were writing this piece, Erik and I were also 
working on a volume on Cold War science. You can’t 
talk about the Cold War without talking about the 
military-industrial complex. The carbon-combustion 
complex was a natural analog. 
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EC: The carbon-combustion complex, as Naomi 
describes, was a convenient formulation for deal- 
ing with the intersecting political and economic 
interests surrounding fossil energy production and 
use, though my own tendency is to refer to them 
as the fossil industry complex. They’ll be extinct 
once the oil runs out, after all. But Naomi won that 
argument. 

NO: I don’t like “fossil industry.” It makes it sound 
like they are selling fossils. Agreed, with any luck 
one day they will be fossils, unless they can trans- 
form their business model and become energy com- 
panies rather than fossil fuel companies. I truly hope 
that they can do that. I’m a geologist and I still have 
friends in the oil industry. 

EC: The Sea Level Rise Denial Bill was all too real . 1 
The political denial of climate change has gotten so 
absurd that I’ve wondered if the denialists are being 
advised by a comedian. Have The Yes Men gone into 
consulting? 

NO: I agree. This would be funny if it weren’t (mostly) 
true. The supporters of the Sea Level Rise Denial Bill 
don’t call it that, of course, but that’s what it is. We 
figured future historians would call a spade a spade. 
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5. Why did you decide to situate the narrator in China in 
the Second (or Neocommunist) People’s Republic? 

NO: The doubt-mongers we wrote about in Mer- 
chants of Doubt were anti-communists who opposed 
environmental regulations for fear that government 
encroachment in the marketplace would become a 
backdoor to communism. They believed that political 
freedom was tied to economic freedom, so restrictions 
on economic freedom threatened political freedom. 
Their views came out of the Cold War — particularly 
the writings of Milton Friedman and Friedrich von 
Hayek — but the essential idea remains a tenet for 
many people on the right wing of the American politi- 
cal spectrum today. While rarely stated quite this bald- 
ly, the reasoning goes like this: Government interven- 
tion in the market place is bad. Accepting the reality of 
climate change requires us to acknowledge the need 
for government intervention either to regulate the use 
of fossil fuels or to increase the cost of doing so. So we 
won’t accept the reality of climate change. 

Erik and I have pointed out that besides being 
illogical, this sort of thinking — by delaying action — 
increases the risk that disruptive climate change will 
lead to the very sort of heavy-handed interventions 
that conservatives wish to avoid. Catastrophic natural 
disasters — particularly those that disrupt food and 



70 


INTERVIEW WITH THE AUTHORS 


water supply — are a justification for governments to 
send in the national guard, commandeer resources, 
declare martial law, and otherwise suspend demo- 
cratic processes and interfere with markets. Given 
this, one can make the argument that authoritarian 
societies will be more able to handle catastrophic 
climate change than free ones. So people who care 
about freedom should want to see early action to 
prevent catastrophic climate change. Delay increases 
the risk that authoritarian forms of governance will 
come out ahead in the end. The nation in which 
our historian is writing is the Second PRC, because 
we imagine that after a period of liberalization and 
democratization, autocratic forces become resurgent 
in China, justified by the imperative of dealing with 
the climate crisis. 

EC: Chinese civilization has been around a lot lon- 
ger than Western civilization has and it’s survived 
a great many traumas. While I’m not sure the cur- 
rent government of China is likely to hold up well — 
the internal tensions are pretty glaring — it’s hard to 
imagine a future in which there’s no longer a place 
called China. And as Naomi explains, authoritarian 
states may well find it easier to make the changes 
necessary to survive rapid climate change. With a 
few exceptions, the so-called liberal democracies are 
failing to address climate change. 
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Whatever the surviving states of 2393 are 
called, though, they’ll be writing history from 
their perspective. So there will be a history of the 
Penumbra as written from the point of view of 
Russia, and of the South American confederation, 
of the Nordo-Scandinavian Union, etc. 

6. In your essay you delineate the period of Western civili- 
zation as extending from 1540 to 2093. Can you explain 
these dates? 

NO: Hmm . . . Erik, can you recall why we started 
with 1540? Was it something to do with Copernicus? 

EC: We chose 1540 for Georg Joachim Rheticus’s 
publication of the Narratio Prima, the first pub- 
lished argument for heliocentrism. It was written as 
the introduction to Copernicus’s De revolutionibus 
orbium coelestium, published in 1543- Traditionally, 
historians have taken this work as marking the be- 
ginning of the scientific revolution — although most 
historians today reject that term — and of the ascen- 
dance in Western Europe of natural philosophy, with 
its commitment to understanding the universe on 
the basis of physical evidence. 

The choice of 2093 is more arbitrary. Neither of 
us will live to see that year, so it seemed far enough 
in the future for emotional comfort. On the other 
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hand, there’s no question that sea level rise by then 
will have become significant and obvious to anyone 
near the coastlines. 

NO: 2093 felt close enough that it was scary, but not 
so close that the year would come and go within our 
lifetimes and people would say — see you got that 
wrong! And it seemed like a reasonable estimate for 
when things will start to go badly if we continue busi- 
ness as usual. Roger Revelle [one of the first scientists 
to warn about global warming] worried a lot about 
what would happen by the year 2100. So this places 
the end of our story just before that inflection point. 

7. Certainly one of the more memorable and pungent 
themes in your essay is the over-reliance of scientists on 
the 95 percent confidence interval, before they will make 
a call on causation or recommend any kind of public 
policy or action. You are stepping on some pretty sacred 
toes here. Are you worried about the “slippery slope” 
argument that abandoning long-cherished standards of 
statistical significance could lead to crappy science and 
misguided, even dangerous, policy? 

NO: This is a really big issue. There is a lot I’d like 
to say about that, but, as you note, we are stepping 
on hallowed ground. Maybe there is another book 
there. But no, I am not worried about the slippery 
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slope argument. For one thing, slippery slope argu- 
ments are generally illogical. Just because you say 
some element of a system should be reexamined 
doesn’t mean you are burning down the house. The 
argument against accepting the scientific evidence 
of climate change that we tracked in Merchants 
of Doubt was a slippery slope argument: today we 
control greenhouse gas emissions, tomorrow we 
give up the Bill of Rights. One of our protagonists 
said this explicitly, in defense of tobacco: that if we 
allow the government to control tobacco there’s 
no limit to what the government may try to con- 
trol next. It’s a foolish argument. Actions should be 
based on their merits or demerits. Anything can be 
foolish if taken too far. Tobacco kills people, and it 
is addictive. It makes sense to regulate it, just as it 
makes sense to regulate heroin. It also makes sense 
to regulate driving, and air traffic control. But that 
doesn’t mean we should regulate soda. Each ques- 
tion has to be debated on its merits. Regulations 
that made sense in the past, such as in telecommu- 
nications, might not make sense today, and regula- 
tions that make sense today may need to be revised 
or repealed in the future. 

The challenge is always to determine what is 
needed in any given situation. It’s the same for sci- 
ence. Scientists have changed their standards in the 
past, and they will do so again. It’s high time we had 
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a serious discussion of where the 95 percent confi- 
dence limit came from, and whether it makes sense 
in the nearly indiscriminate way that it is currently 
applied. 

EC: Plus — we have crappy science and dangerous 
policy despite the existence of the 95 percent confi- 
dence limit convention! 

NO: Good point! 

EC: That’s why journals have retraction processes, 
for one thing. The 95 percent confidence limit is a 
choice — just like our choice of 2093 as the end of 
Western civilization — but it’s not entirely arbitrary: 
it’s designed to provide a high hurdle against one 
specific kind of error. As we explain in the piece, and 
in Merchants of Doubt, it provides no defense against 
many other kinds of error. 

8. So what about the “precautionary principle”— the idea 
you describe in CWC, that we must take early action to 
prevent later disaster? Critics of this notion argue that 
the precautionary principle is more of a rhetorical and 
advocacy tool than a responsible way to explore and 
develop policy options. Do you think a market-based, 
neoliberal political and economic regime can act with 
long-term caution? 
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EC: The claim is nonsense. In terms of anthropogenic 
climate change, the precautionary principle is moot. 
Precautions are taken in advance of damage, not 
after it has already begun. We have overwhelming 
evidence that we’ve already triggered a rapid rate of 
oceanic and atmospheric warming. We’re currently 
reacting to climate change already in progress, not 
deploying precautions against warming that might 
or might not happen in the future. 

NO: I love Erik! I was going to say the same thing. The 
precautionary principle deals with what one should 
do when there is evidence that something may be 
a problem, but we’re not quite sure, or not sure of 
the extent of it. We are sure that climate change is 
happening — we already see damage — and we know 
beyond a reasonable doubt that business as usual 
will lead to more damage, possibly devastating dam- 
age, as our story tells. It’s way too late for precaution. 
Now we are talking about damage control. 

EC: Insofar as the larger issue of policy beyond cli- 
mate change, the argument is still wrong. U.S. law 
requires pharmaceutical manufacturers to perform 
toxicity testing on new drugs, which is a form of pre- 
caution. But our laws, unlike those of the European 
Union, do not require testing of industrial chemi- 
cals. Why do we deploy the precautionary principle 
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against drugs, but not pesticides or plasticizers? Poli- 
tics. The chemical industry succeeding in preventing 
precautionary regulation where the pharmaceutical 
industry did not. 

Here’s another example. I live in California. 
There’s a large, active fault known as the San Andreas 
running within twenty miles of my condo. We have 
both geological and historical evidence that the San 
Andreas has caused great earthquakes. Because of 
that evidence, the state has taken the precaution of 
imposing seismic design requirements in its current 
building codes. It also holds emergency response 
drills — my employer, a private technical college, par- 
ticipates in them too. 

Those precautionary requirements cost us all 
money, by increasing the cost of our structures and 
in productive time lost from work. Yet we don’t 
know when, or where, the next fault rupture will 
occur. They’re unpredictable. 

Is the argument here that we shouldn’t take these 
precautions? I doubt you could pass a referendum 
in California repealing them. Most of us don’t really 
want our buildings falling down on us in the name of 
protecting “free markets.” 

Can we deploy the precautionary principle with- 
out strangling the economy? Yes, we do it all the 
time. Precautions are everywhere. A stop sign is a 
precaution! 
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Can a neoliberal regime act with long-term cau- 
tion? No, because the neoliberal worship of dereg- 
ulation leads directly to the poisoning of ourselves 
and the rest of the world. 

NO: That might be a bit strong. But Erik’s basically 
right. Neoliberalism in its pure form fails to recognize 
external costs or to provide a mechanism for prevent- 
ing future damage. There’s no market signal from 
the future, or from birds and bats and bees (until the 
damage is so great that we actually see it, for example, 
in the cost of honey, but even then, most consumers 
won’t know why the cost of honey is rising). 

Business and political leaders who have been 
swayed by the arguments for deregulation need to 
realize that while the basic idea of invoking competi- 
tion to good ends is a powerful one, it only works in 
the full sense when tempered by the need to address 
market failure and external costs. Neoliberalism is 
an ideology, and like most ideologies, it hits pot- 
holes and speed bumps when put into practice; even 
Adam Smith recognized that you have to regulate the 
banks. Climate change is a really, really big pothole. 
But here’s an interesting point to note: von Hayek 
explicitly invoked pollution as an external cost that 
can legitimately justify government intervention in 
the marketplace. I suppose that might be why some 
people on the right deny that CO a is a pollutant . . . 
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9. One of the great ironies you describe in CWC is that, 
ultimately, it is the neoliberal regimes that fail to act in 
time to avert climate change disasters and it is China, 
the epitome of the command-and-control political cul- 
ture, that can make the huge institutional moves to 
save its population. This scenario is pretty breathtaking 
speculation! Just how much do you hate the American 
way of life? What gives you the intellectual chutzpah to 
make these kinds of projections? 

EC: What is this “American Way of Life” you speak 
of so blithely? Is it the America of one-room school- 
houses on the prairie? Of small-holders, shopkeep- 
ers, and family farms? That’s what it meant in 1930. 
But that “American way of life” is gone, and its de- 
parture had nothing to do with us. Its vanishing 
had a great deal to do with the growth of industrial 
capitalism and the drive for efficiencies of scale. The 
funny thing about “efficiencies of scale” is that they 
tend to concentrate wealth — and therefore power — 
in the hands of a few, and those few can thwart the 
will of the majority pretty easily. Theodore Roosevelt 
called this class of men “malefactors of great wealth” 
in a 1907 speech in Massachusetts. There are simply 
more of them now (and they’ve allowed a handful of 
women into their club). 

The wealthiest businesses the world has ever 
known are part of the carbon-combustion complex, 
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and they’ve been enormously successful at prevent- 
ing most of the liberal democracies from doing any- 
thing meaningful about climate change. I don’t see 
any reason to believe they’ll suddenly throw in the 
towel and play nice. 

NO: Our story is a call to protect the American way 
of life before it’s too late. Speculative? Of course, but 
the book is extremely fact-based. All the technical 
projections are based on current science. Chutzpah? 
You have to have chutzpah to write any book. Or to 
stand in a classroom and expect students to listen. 
Strangely enough, they do, and sometimes they even 
thank you. Readers, too. 

lo.What do you hope that readers take away from your 
essay? 

EC: Readers tend to take out of a text whatever it was 
that they brought in. At best we can hope to have 
helped them think more clearly about the climate of 
the future. 

NO: Hmm . . . you can’t predict what your readers 
will take away. Books are like a message in a bottle. 
You hope someone will open it, read it, and get the 
message. Whatever that is. 
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About the Maps Inspiration for the 20-meter sea level rise in our 
scenario came from the Ohio State glaciologist John H. Mercer, 
who perceived the possibility of a rapid disintegration of the West 
Antarctic Ice Sheet in 1968 and published a detailed examination 
in 1978.* Recent satellite observations suggest Mercer was more 
right than he knew, and rapid ice loss is occurring in both West 
Antarctica and Greenland. t The maps drew on Shuttle Radar 
Topography Mission data from the Jet Propulsion Laboratory at 
the California Institute of Technology. t 
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